Introduction
Previous studies have specifically emphasized the importance of having a nurse be able to assess the PICC tip position, because this: (i) enables a nurse to verify the position of catheter tip during PICC placement and exchange; and (ii) accelerates the process for correcting a mal-positioned catheter by eliminating the need to wait for dictated radiological reports (5) . Nevertheless, the conventional method for assessing the catheter tip position, which is based on an analysis of the radiographic pericardial anatomy and landmarks, is routinely performed by radiologists and is too complicated and difficult to be quickly conducted by nurses. Thus, it is imperative to develop a simple method that can be easily used by medical staff such as nurses, physicians, and anesthetists who have not completed a specialist study course on radiography but have been involved in assessing the position of the catheter tip.
Currently, the assessment of catheter tip position on CXR image is often inaccurate and variable among readers (3) . To resolve this problem, we developed a simple and objective method to assess the position of PICC tip based on three critical factors: a reliable radiographic landmark -tracheal carinafor identifying the SVC, an appropriate region -7 cm -of the central vein (CV) that accommodates the catheter tip, and a quantitative method that describes the relationship between the tracheal carina and catheter tip within this CV region. To assess the accuracy of our method, we tested the following hypotheses: (i) if the measurement of the distance between the catheter tip and tracheal carina is objective and precise, and thus, achieves an excellent inter-observer agreement (kappa ≥0.75) between the readers; and (ii) if the identification of the catheter tip by nurse is in excellent inter-observer agreement with the radiologist, and therefore provides the nurse with a simple, but reliable way to assess the tip position (Fig. 1) . The validation of these hypotheses would verify that our method allows nurses to reliably identify PICC tips. Consequently, an early report of the tip position by a general nurse may lead to early further management of the catheter conducted by the certificated nurses, including application of a properly located catheter or manipulation of a mal-positioned catheter. This can be especially beneficial for timely treatment of critically ill patients.
Methods

Patients
This was a single-center study. This study was approved by the local ethics committee. Informed consents were obtained from all patients for use of their medical records for research purposes. Consecutive adult patients with solid cancer who were admitted to West China Hospital of Sichuan University from March 2012 to April 2016 were included. All the patients in this study had clinical indications for catheterization, and standard procedures were strictly adhered to during the catheterizations. Patients were excluded if they were outside the age range of 18 to 80 years or presented with chest wall deformities or any conditions that could potentially result in mediastinal displacement such as a large hydrothorax in the unilateral thoracic cavity or massive ascites.
Procedures for catheter tip assessment
Post-procedure PA-CXR imaging was routinely performed to identify the catheter tip position, with patients standing upright and arms hanging naturally beside the body.
A nurse with 3 years of PICC placement experience and a radiologist with 14 years of experience in radiography independently performed the observations in this study.
The tracheal carina was used as the landmark to assess the position of catheter tip (6) . The target region, the CV, which comprises the SVC and CAJ, was defined as a region between 3 cm above and 4 cm below the tracheal carina (Fig. 2) . A catheter tip located anywhere in this region was identified as being in the CV, whereas a catheter tip located outside of this region was identified as not being in the CV. The catheter tips not in the CV were further separated by their location in the RA, IV, subclavian vein (SCV), internal jugular vein (IJV), or axillary vein (AV). The assessment criteria for the position of catheter tips on CXR images are presented in Table I . The distance between the catheter tip and tracheal carina was independently measured by the nurse on CXR images using picture archiving and communication system (PACS). The radiologist was blinded to the method used by the nurse. The tip positions of the same set of catheters were reinterpreted by the radiologist based on his expertise in medical radiography. The flow chart of the study is depicted in Figure 3 .
Statistical methods
Statistical analyses were performed using the statistical package SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). Categorical variables were expressed as frequencies and percentages. Analysis of inter-observer agreement was performed based on the independent assessment of the radiologist and nurse. Inter-observer agreement was quantified by calculating percentage of agreement and kappa coefficient. A kappa value of 1 indicates complete agreement between the observers; a kappa value of 0 implies no agreement other than that which would be expected by chance; and a kappa value of minus 1 indicates totally disagreement. The kappa value ≥0.75 represents excellent agreement between the two observers. In the hypothetical analysis of the kappa value, a p<0.05 indicated the true agreement between the two observers.
Results
Characteristics of the patients and catheters
In total, 612 CXR images of catheters taken from 612 patients were selected. The characteristics of the included patients, including age, gender, diagnosis, catheter type, insertion site, and insertion vein, are presented in Table II . The numbers of catheter tips identified located in the CV, RA, IJV, IV, AV, and SCV by the radiologist and the nurse were summarized in Table III . No catheter was categorized as a "rare malposition" by the radiologist or nurse.
Inter-observer agreement on all catheter tips
Of 612 catheter tip positions, 599 were assessed with agreement by the radiologist and nurse. Thus, the interobserver agreement between the radiologist and nurse was 97.88% for all catheter tips (599/612; kappa = 0.934; p<0.001; 95% confidence interval [CI]: 0.899-0.969) (Tab. IV). The radiologist and nurse disagreed on 13 catheter tip positions, 9 of which were in the suboptimal position (IV and RA; Tab. V).
Inter-observer agreement on catheter tips with regard to the CV, RA, and IV
Evaluating the position of catheter tip with regard to the CV, RA, and IV is critically important to guide the further The assessment criteria are based on quantization and bone marks clearly visible on chest x-ray image. The superior vena cava system consists of a consecutive vein course from the axillary vein to the right atrium according to the assessment criteria. manipulation of the mal-positioned catheter in the RA or IV. Therefore, the inter-observer agreement on catheter tip location with regard to the CV, RA, and IV was analyzed. Based on assessment of the radiologist, 564 catheter tips were in the CV, RA and IV, and 555 of these were assessed with agreement by the nurse (Tab. VI). Accordingly, the inter-observer agreement between the radiologist and nurse was 98.40% for catheter tip positions with regard to the CV, RA, and IV (555/564; kappa = 0.923; p<0.001; 95% CI: 0.872-0.973). 
Discussion
This study was conducted to evaluate a simple and objective method that can be easily used by nurses to assess the positions of PICC tips on CXR images. We demonstrated that, by measuring the distance between the catheter tip and tracheal carina, a nurse can accurately assess the catheter tip position in excellent inter-observer agreement with the radiologist.
The correct assessment of catheter tip position is crucial to guarantee the safety and functionality of the catheter. However, challenges have always existed, because radiographic identification of the SVC, pericardial reflection (PR), and CAJ on CXR images is difficult (7) . In addition, inter-observer bias affects the interpretation of radiographic investigations (2, 8) . Our results indicated that the inter-observer agreements between the radiologist and nurse for evaluating the positions of catheter tips overall and with regard to the CV, RA, and IV were 97.88% and 98.40%, respectively. Both kappa values were excellent and superior to those of previous studies reporting inter-observer agreement between radiologists and anesthetists (2, 8) .
Determination of a reliable landmark is the most important step for accurately assessing catheter tip position. Various landmarks have been investigated to precisely identify the position of catheter tip, including the tracheal carina (6, 8) , right tracheobronchial angle (9), vertebral body (10), right heart border, and intersection between RA border and bronchus intercedes (6) . However, because of heterogeneities in the methodology and patient cohorts in these studies, the most appropriate landmark has yet to be determined. A study was conducted to investigate the efficacy of the three most frequently used landmarks -the intersection between the bronchus intermedius and RA border, the inflection of RA border, and the tracheal carina -in the same patient cohort using computed tomography (6) . The results of that particular study showed that the tracheal carina was always 4.2 ± 1.1 cm above the CAJ and visible in 100% patients, and thus, the authors concluded that the tracheal carina was the most reliable landmark for identifying the catheter tip (6) . Another study reported a similar finding that the SVC terminated 4 cm below the tracheal carina (11) . Accordingly, we used the tracheal carina as the landmark in the present study and suggested that the catheter tip should not be placed more than 4 cm below the tracheal carina to avoid cardiac complications. The merits of tracheal carina in assessing catheter tip position, including the reliability and visibility on CXR image, greatly contributed to the excellent inter-observer agreement obtained in our study.
Another reason for the excellent inter-observer agreement in our study was that observing the CV on CXR images was relatively undemanding. The European and North American guidelines specify that the catheter tip should be positioned in the mid-to-lower part of the SVC or at the CAJ, or in the upper portion of the RA (12) , and in the lower third of the SVC or at the CAJ (13), respectively. The catheter tip is dynamic within the SVC, with the tip moving up to 0.9-3.9 cm according to various factors, e.g., patient body position (14) , respiration (15) , and arm movement (16) . Therefore, it is a great challenge to position the catheter tip within such a narrow region in the SVC. This explains why the definitiondependent position of the catheter tip in the CV is associated with limited accuracy, merely ranging from 39%-76% with adherence to the guidelines (17, 18) . Although the guidelines precisely define the position of the central catheter tip (12, 13) , it is not possible to strictly follow the guidelines in clinical practice. Therefore, we based our method on the widely accepted observation that the catheter tip can be located within the SVC and outside the pericardial sac heart (8, (19) (20) (21) (22) . Our criteria was later corroborated by the latest edition of the Infusion Therapy Standards of Practice released in 2016, although the practice lays more emphasis on the anatomic position rather than a specific length of region to locate a catheter tip (23) . It is difficult to identify the CAJ on PA-CXR images (4) , and the exact length of the CAJ has not been reported so far. However, the average length of the SVC was reported to be 6-7.6 cm in adults (4, 24) and was not significantly influenced by age, gender, or height (6, 10, 24) . Considering that the SVC constitutes most of the CV, an arbitrary definition of the CV as 7 cm would be appropriate to accommodate the catheter tip. Although the criteria of the CV were based on empirical evidence and literature, the excellent inter-observer agreement between the radiologist and nurse indicated that the empirical definition of the CV was clinically practicable and is highly consistent with the anatomical interpretation by the radiologist.
For the method of identifying the catheter tip position, an objective and quantitative measurement is generally considered superior to a subjective and empirical identification. Hence, we translated the subjective identification into the objective measurement. Instead of identifying complicated anatomical relationship among the SVC, PR, CAJ, and catheter tips, we assessed the tip position by measuring the distance between the catheter tip and tracheal carina. Once the region of the CV was defined, any observer could accurately assess the position of catheter tip by determining the two critical points of the tracheal carina and catheter tip. We believe that the quantization and objectivity of this method can considerably eliminate the variability among readers.
Disparity between the radiologist and nurse most frequently occurred when the catheter tip was in a suboptimal position -IV or RA. A catheter tip close to the proximal SVC or distal CAJ caused difficulty in determining exactly if the tip was in the IV or RA. Catheter tips located in the border regions of various anatomical parts accounted for most (9/13 [69.23%]) of the discrepancies in assessment outcomes. It appeared to be more difficult to determine the position of a catheter tip located on the border of the CAJ and RA than of a catheter tip located on the border of the IV and SVC (6 vs. 3). It is highly probable that the identification of the catheter tip can be confounded by the high density of the cardiac shadow on the image. Further studies are required to accurately identify the catheter tips located in the CAJ-RA and IV-SVC junctions.
The present study has several limitations. The first, and main limitation of the study, is that it included only two observers (a radiologist and a nurse); thus, observer bias may exist and the described criteria should be tested on a larger population. Second, patients with an anatomical abnormality in the chest, such as chest wall deformities or mediastinal displacement, were more likely to have variable extra-pericardial structures, which made them unsuitable for assessment by our method. Third, the assessment criteria did not take the angle formed between the catheter and the SVC into consideration, since the quantitative measurement was based on the vertical length between the tracheal carina and catheter tip. Last, due to the limitation of the research methodology and the empirical definition of the CV in length in this study, 
Conclusion
The findings of our study support the concept that measuring the distance between the tracheal carina and catheter tip is a simple and objective method for identifying the catheter tip position and can be accurately used by the nurse. Compared with other methods, our method overcomes the limitations of other methods for identifying catheter tip position and is readily adoptable for clinical practice.
Disclosures
Financial support: No grants or funding have been received for this study. Conflict of interest: None of the authors has financial interest related to this study to disclose.
